suMMARY A non-invasive method using continuous wave Doppler shift ultrasound and spectral analysis was used as a screening test for severe carotid artery disease in patients undergoing cardiopulmonary bypass operations. One hundred and eighty-eight patients were examined before cardiac surgery (91 for ischaemic heart disease, 17 for ischaemic heart disease and valve replacement, 66 for valve replacement alone, and 14 for congenital abnormalities). The mean age of the 108 patients suffering from ischaemic heart disease was 54 years (±8) and that of the 80 patients admitted either for valve replacement alone or for congenital abnormalities was 52 years (± 12 (Fig. 1) .
The screening procedure consisted of insonating the supraorbital artery and observing the shape of the sonogram and direction of blood flow, both of which indicate whether disease is present.9 The temporal artery occlusion test described by Brockenbrought' was modified'2 and used to detect lesions severe enough to cause a reduction in distal mean pressure in the internal carotid pathway. This test relies on the fact that normally there is equal pressure in the internal carotid and external carotid arteries. These two vessels usually form an anastomotic vascular bed in the region of the forehead via collateral vessels from the supraorbital and superficial temporal arteries, and in the normal situation there is a pressure gradient between the supraorbital artery and this collateral bed such that blood flows out of the orbit. If the pressure in the superficial temporal artery is reduced by digital compression there is a greater pressure gradient 6 kHz Fig. 1 Normal sonogram from the common carotid artery over one cardiac cycle. Doppler shift frequency is on the Y-axis and time is on the X-axis. The blackness of the trace at any point is related to the number of erythrocytes generating the same Doppler shift (that is moving at the same velocity).
and erythrocyte velocities increase in the supraorbital artery (Fig. 2) . However, if disease is present in the internal carotid artery sufficient to cause a reduction in distal mean pressure, blood flows into the orbit from the superficial temporal artery which is then at a higher pressure than the supraorbital artery. In this situation compression of the superficial temporal artery will usually stop or significantly reduce flow from the external carotid pathway into the supraorbital artery (Fig. 2) . The presence of other collateral vessels may cause inaccurate results and we therefore compress other branches of the external carotid arteries both separately and simultaneously; these principally include the ipsilateral facial artery and contralateral superficial temporal and facial arteries.
The carotid bifurcation was then insonated, and when severe disease was present near the origin of the internal carotid artery high-velocity or turbulent Doppler shift signals9 were usually obtained. The absence of a signal from the internal carotid artery indicated that this artery was totally occluded.
The presence of severe carotid artery disease shown by the non-invasive investigation was After open heart surgery one of the five patients died without regaining consciousness and necropsy disclosed a recent myocardial infarct. There were no cerebrovascular complications after cardiac surgery in the other patients who had had a carotid endarterectomy.
Discussion
An interesting finding in this study was that severe carotid artery disease was not found in patients who did not suffer from ischaemic heart disease, though the mean age of this group was similar to that of the group with the ischaemic heart disease. Five per cent of patients suffering from ischaemic heart disease were found to have severe occlusive lesions in the internal carotid artery. This finding accords with other reports that there is an association between the presence of occlusive arterial disease in the coronary and carotid arteries.13 14 Though in this study carotid endarterectomy was undertaken some weeks before the heart operation, the two operations have been performed at the same time.15 16 This study confirms the limitations of relying on the presence of either a localised bruit in the neck or symptoms of cerebrovascular disease as indicators of severe occlusive disease of the carotid arteries.9 17 18 A localised bruit was not present in three of the five patients with a severe internal carotid lesion (Table 2 ). In another patient one internal carotid artery was completely occluded but bilateral carotid bruits were present, and the fifth patient had only minor disease on the side of the bruit but severe disease on the contralateral side. The use of spectral analysis allows the examiner to know in which artery a bruit originates19; one patient with ischaemic heart disease who had not suffered from neurological symptoms had a localised carotid bruit and the ultrasound investigation demonstrated disease in the external carotid artery. Two patients with severe lesions in the internal carotid artery suffered from transient ischaemic attacks and only one of these had a carotid bruit associated with these symptoms. However, 14 other patients had also suffered from transient ischaemic attacks, and ultrasound showed no evidence of severe disease. Furthermore, two patients with severe internal carotid artery disease had no signs or symptoms of cerebrovascular disease.
In this study bilateral carotid arteriography was performed, but as confidence increases in the ultrasound diagnosis unilateral arteriography may be sufficient when ultrasound shows the presence of severe disease on one side only. An ultrasound vessel imaging system20 is now being used for further confirmation of the presence of disease at the carotid birfurcation, so that in cases of total occlusion of the internal carotid artery the noninvasive investigation may obviate the need for arteriography and allow precautions to be taken during open heart surgery. Non-invasive assessment of the extracranial cerebral arteries using Doppler shift ultrasound and spectral analysis is a safe and relatively easy investigation to perform. It can be performed on an outpatient basis, has no contraindications, and the costs are approximately 10 per cent of those for arteriography. We suggest that this is a valuable preoperative investigation for all patients undergoing open heart surgery for ischaemic heart disease. However, the case for carotid endarterectomy as a treatment for both haemodynamically significant and minor carotid artery disease in these patients has still to be established in further studies. 
